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i Outline

= Prior Work
= Dynamic voltage and frequency management

= Adaptive frequency scheduling based on an
effective deadline
= Effective deadline prediction
= Frequency scheduling
= Underload and overload conditions

= Experimental results



i Prior work

Commercial processors with DVS capability
Burd et al, 2000, Arm8 processor core
Nowka et al, 2002, PowerPC processor

Flautner and Flynn, 2002, arm9 processor
core

Kihwan et al, 2003-05, StrongArm and Xscale

Nakai et al, embedded microprocessor



Dynamic Voltage and Frequency
Management

~-DVFM ————————————~ N
. Delay
PLL Detector | Voltage
¥ DVC||' |pbcoc Info.
| VF
Clock
Gen Frequency Activity
Freq. Adjuster Monitor DFc DC-DC
Info. '“jf‘"- Converter
____________ — —1— [ Activity ——
- ; Info.
system | Main Logic[ e ’ ' \
Clock
- ‘"::r" ?:':IE ARM Peripheral Block Min.
: ' - vdd

DVFM architecture [Nakai et al, JSSC-05]



i Dynamic Voltage Management
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i Dynamic Frequency Management

= Frequency scheduling based on fixed interval
[Nakai et al, JSSC-05]
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Adaptive Frequency Scheduling
Based on an Effective Deadline

s Fixed Interval
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= Adaptive Interval
= Lower updates
= Near optimal frequency & voltage




Effective Deadline

= Soft Real Time Application
s Periodic Workloads
= Arrival of the next workload

FIFONotEmpty




Prediction of the Effective

i Deadline

= Arrival time of the next workload
= Reported in terms of system cycles
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Frequency Adjustment
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Overload and Underload
Conditions
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i Results (Periodic Workload)
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i Results

Power Consumption
s Adaptive Interval
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Results (Correlated Workloads)
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i Summary

Presented an efficient adaptive method to perform dynamic
voltage and frequency management (DVFM) for minimizing the
energy consumption of microprocessor chips

= Uses adaptive update intervals for optimal frequency and voltage
scheduling

= Rapidly tracks the workload changes so as to meet soft real-time
deadlines

= Utilizes the correlation between consecutive values of the workload
for future workload prediction

Because the frequency and voltage update rates are
dynamically set based on variable update interval lengths,
voltage fluctuations on the power network are minimized

The technique leads to power savings of up to 60% for highly
correlated workloads compared to DVFM systems based on fixed
update intervals.



